The paper deals with an investigation of the possible effects of RF electromagnetic fields towards the environment and human health. An experimental facility was designed and built and in vitro experiments were carried out on thymic cell cultures. They were exposed for three and six hours to 144 MHz RF electromagnetic fields. The effects were analysed in terms of the possible variation of their thermophysical properties (density, viscosity, specific heat). Results showed that the tested configuration does not induce alterations of the thermophysical properties of the tested cell cultures.
Introduction
Electromagnetic pollution has been becoming a relevant problem for environmental policies for many years, especially in terms of its tight connection with human health (National Council on Radiation Protection and Measurements, 1986; World Health Organization [WHO], 1993) . NIR (Non Ionizing Radiation) interaction with environment and man is one of the most interesting research fields for the world scientific community. Human exposure to electromagnetic fields, depending on their intensity, frequency and duration, was studied in terms of many possible effects. The effects of electromagnetic fields on living systems were studied both in vivo and in vitro in a wide range of organisms, cells and tissues (Heinrich, Thomas, Heumann, Von Kries, & Radon, 2011; Hocking, Gordon, Grain, & Hatfield, 1996; Khalid et al., 2011; Rosai & Sobin, 1999; Thomas, Heinrich, Von Kries, & Radon, 2010) . However, the action of electromagnetic fields is not yet clearly defined and the obtained results are often contradictory. For example, it was found that cellular phones may give problems in iliac bones (Atay et al., 2009) . Also pulsed electromagnetic fields were studied (both for ELF and RF fields) obtaining low or negligible alterations: changes in the distribution of cytoskeletal proteins of osteoblasts (Noriega-Luna, Sabanero, Sosa, & Avila-Rodriguez, 2011) , increased phytohaemagglutinin-induced lymphocyte proliferation (Cossarizza et al., 1989) , dose-dependent and time-dependent DNA single-strand and double-strand breaks (Ivancsits, Diem, Jahn, & Rüdiger, 2003) . Many studies were focused on radiofrequency (RF) fields, in particular fields produced by mobile or cellular phones which are a fundamental component of modern telecommunications. RF waves are electromagnetic fields usually characterized by frequencies between 30 kHz and 300 GHz (Zamanian & Hardiman, 2005) . Some causes due to RF energy may be biological effects (proportional to the rate of energy absorption), the heating of human tissues or tissue damages, caused by exposure to high RF energy levels (Zamanian & Hardiman, 2005) . Many investigations were performed over the last two decades to assess if RF fields may be a potential health risk: however, no adverse health effects were definitely established caused by mobile phones (European Commission, 2005; Scientific Committee on Emerging and Newly Identified Health Risks, 2007; WHO, 2011) . About short term effects, the tissue heating is the principal mechanism of interaction between RF energy and the human body (WHO, 2010). The energy is absorbed by the skin and the other superficial tissues, giving a negligible temperature rise in the brain or the other parts of the body. However, no consistent evidence of adverse health effects from exposure to RF fields was defined at levels below those that cause tissue heating (International Commission on Non-Ionizing Radiation Protection, 2009). About long-term effects, they are very difficult to be identified and epidemiological studies can only assess those cancers that become evident within shorter time periods (WHO, 2010) . Results of animal studies didn't show increased cancer risk for long-term exposure to RF fields. The effects of RF waves were also investigated on blood parameters and behavioral changes of rats, obtaining that the frequency is too low to get the resonance effects (Korpinar, Kalkan, Morgul, Birman, & Hacibekiroglu, 1998) . Investigations on possible cancer onset were an important research branch which may identify a critical effect of electromagnetic fields. Results are often contradictory also in this research field (Belpomme, Irigaray, & Hardell, 2008; Haider T., Knasmueller, Kundi & Haider M., 1994; Hardell & Sage, 2008) . However, IARC (International Agency for Research on Cancer) classified as Group 2B the RF electromagnetic fields, a category used when a causal association is credible, but when chance, bias or confounding cannot be excluded (WHO, 2010) . The majority of the RF studies were focused on mobile phone frequencies, while also other RF frequencies may be an important and possible electromagnetic source which may give adverse health effects for humans (WHO, 2010) . This paper describes a part of a multidisciplinary research on the possible effects of an important range of RF electromagnetic fields on man. In fact, man is always exposed to RF electromagnetic fields in the 30-300 MHz range, which are typical of broadcasting radio and television communications. Thus, an investigation was carried out by an experimental facility which was built for exposing thymic cell cultures to the mentioned RF electromagnetic fields. Thymic cell cultures were chosen because their alterations are generally an index of cancerogenesis. The experimental facility was made by a climatic room, a control unit and a RF generating system. The RF generating system is made by a 144 MHz transmitter connected to a condenser by a coaxial cable. A 144 MHz frequency was chosen for the exposition tests because it is a typical frequency for radio amateur communications and it is intermediate between broadcasting radio and TV frequencies. Exposition tests were carried out for three and six hours; the electromagnetic field intensity into the cell cultures was simulated by a numerical code. Exposed and not-exposed cultures were analysed after the tests. This paper focuses on the analysis of the thermophysical properties of the cultures (density, viscosity, specific heat). The analysis was carried out in order to verify if the exposition induced alterations of such properties. Besides, other branches of this research verified possible variations in the biomedical properties of the cultures (Consorzio IPASS, 2010).
The Experimental Facility
The experimental facility was constituted by a climatic room, the RF generating system and a control unit. The control unit allowed the control of temperature, humidity and CO 2 concentration to standard life condition for the cell cultures (i.e. temperature = 37°C, humidity = 74%, CO 2 concentration = 5%). Thus, the control unit is characterized by three inputs and three outputs. Three sensors (temperature, humidity and CO 2 concentration) are connected to the control unit inputs; three actuators (electric resistors for temperature control, a vapour generator for humidity control, a pipe connected to a CO 2 bottle for CO 2 concentration control) are connected to the control unit outputs. The climatic room was designed to avoid anomalies in the electromagnetic field concentration. Thus, it was built in plastic material (polystyrene), which is transparent to 144 MHz electromagnetic fields. The climatic room was constituted by three boxes (Figure 1 and Figure 2 ): -Control box: it contains the actuator for CO 2 control (a Lutron power interface unit connected to an EV SMC electrovalve) and the sensors for temperature, humidity and CO 2 measurements. The sensors are a psychrometer (by Gefran, for temperature and humidity measurements) and a linearized 10% NDIR CO 2 data acquisition card (by Tecnosens, see Figure 3 ).
Actuator box: it contains the electrical resistors for temperature control and a vapour generator for humidity control. They are connected to a HT-3005 unit (by Lutron) for the temperature and humidity control.
Measurement box: it contains only the not exposed cell cultures (which are shielded by a sinterized nickel box), the exposed cultures and the RF generating system; in this way, the cultures are not subjected to the electromagnetic radiations due to sensors and actuators placed in the control and in the actuator boxes.
The three boxes were connected to each other by plastic pipes. Fans were used to maintain uniform air conditions. 
The Experimental Tests
In vitro experiments were carried out on thymic cells obtained from C3H rat thyme. The rats were 3-4 weeks aged of both the male and female sexes. They were obtained in single cells suspension after centrifugation (1200 rpm for 10 min), washing and resuspension in a RPMI1640 culture medium containing 5% concentration fetal bovine serum. Live cells were counted by a blood cytometer and diluted at a 2x10 6 cells/ml concentration in cultures two-well plates. Two kinds of cultures were placed into the climatic room where standard climatic conditions were kept uniform and stable: -exposed cells: their two-well plates were installed between the RF condenser plates (see Figure 5) ; -not-exposed cells: their two-well plates were inserted into a sinterized nickel box characterized by high electromagnetic insulation (see Figure 6 ). Ten tests were carried out for each condition.
Simulations were carried out from another Research Unit by a numerical code in order to identify the intensity of the electromagnetic fields to which the cultures were exposed. CST Microwave Studio was used as simulation software. 500 mW is the electromagnetic power which feeds the condenser by the 144 MHz RF transmitter. Simulation results show that the cell cultures are averagely exposed to a 0.6 W/m 3 power density (Vegni, Toscano, Bilotti, & Sapia, 2006) .
Results and Discussion
Not exposed and exposed cultures were inserted after the tests into a commercial climatic room (Mazzali Climatest C 330 G5) where standard life conditions are maintained. Thermophysical properties were measured for not exposed and exposed cultures. Viscosity was measured by an Ubbelohde viscosimeter (calibration constant Cs = 0.033 4710 -6 m 2 /s 2 ). Measurements were carried out into the Mazzali climatic room at 37°C and high humidity (74%) conditions (Figure 7 ). A slight viscosity increase was measured after the exposure. However, it was expected that electromagnetic fields locally increase the culture temperature (Zamanian & Hardiman, 2005) : an effective variation is attested if a viscosity decrease occurred after the exposure. Furthermore, the obtained increase was lower than measurement errors. Thus, the previous assertions determined that the viscosity is not affected by the exposure at 144 MHz electromagnetic fields in the tested conditions. Density measurements were carried out by a precision weighing scale and a graduated container where the exposed and not-exposed cultures were inserted after the exposition tests. Measurements were carried out in the Mazzali climatic room at 37°C and high humidity (74%) conditions. Average measured densities were obtained as follows: Thus, also density is not affected by the exposition to 144 MHz electromagnetic fields.
Specific heat was measured by a calorimeter Setaram model C80 Calvet.
Measurements were carried out in the temperature range of 35-40°C which is the maximum range for which cells may live without anomalies. Table 1 reports average results for exposed and not exposed cultures. Also specific heat was not affected by electromagnetic fields exposition. 
Conclusions
Thermophysical properties of thymic cell cultures exposed to RF electromagnetic fields were investigated. The objective was to investigate the possible effects of 144 MHz electromagnetic fields on human health. Thus, an experimental facility was built: exposed and not exposed thymic cell cultures were characterized in terms of viscosity, density and specific heat. Results showed that the thermophysical properties of thymic cell cultures were not modified by 144 MHz electromagnetic fields in the used test conditions and configuration (short term exposures). Besides, biomedical analyses developed by the Clinical and Medical Department of the University of Perugia showed that also biomedical pathways (such as Ras, p53, BCL-2) and cellular processes such as apoptosis and proliferation are not modified by the short term exposure (Consorzio IPASS, 2010 
